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@ An optical semiconductor device and a method of manufacturing the same. 

@ An Au layer 3 and a Sn layer 5 are laminated 
on a barrier layer 8 which is formed on an 
optical circuit substrate 1. An Au layer 5 having 
a predetermined thickness is formed on the 
laminated layers as a top layer. A junction por- 
tion 2 is constituted of these layers. An elec- 
trode layer of an optical semiconductor element 
9 is made to contact with the top Au layer 5 and 
the optical semiconductor element 9 Is pressed 
to the optical circuit substrate 1. Then, by heat- 
ing, the optical semiconductor element 9 is 
joined on the optical circuit substrate. A weight 
% of Au and Sn in the junction portion 2 of the 
optical circuit substrate 1 is about 80% : 20% 
before the joining, The electrode layer is formed 
as a thin Au layer. The optica) circuit substrate 1 
is heated at a temperature of 280°C or more 
such that the Au layer and the Sn layer are 
melted and is cooled such that Au and Sn are 
solidified. 
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The present invention relates to an optical semi- 
conductor device in which an optical semiconductor 
element is bonded with and fixed to an optical circuit 
substrate, and a manufacturing method of the same. 

An example of an optical semiconductor device in 
which an optical semiconductor element is joined with 
an optical circuit substrate, is proposed in the pending 
U.S. Patent Application Serial No. 08/126,769, enti- 
tled "Optical coupling equipment for An Optical Sem- 
iconductor and An Optical Fiber" by the inventors of 
the present patent application. 

In order to join the optical semiconductor element 
with the optical circuit substrate, gold-tin (AuSn) eu- 
tectic solder is generally used. More particularly, the 
solder is first melted by heating and at this time the 
optical semiconductor element is placed on the opti- 
cal circuit substrate to be pressed to the optical circuit 
substrate so that the optical semiconductor element 
can be joined on the optical circuit substrate. 

However, because the AuSn eutectic solder is 
easy to be oxidized, the joining process must be per- 
formed in nitrogen atmosphere or reduction atmos- 
phere in which hydrogen gas is slightly mixed with ni- 
trogen gas. In addition, before the optical semicon- 
ductor element is pressed to the optical circuit sub- 
strate, a process so-called "scrubbing process" 
needs to be performed in which the optical semicon- 
ductor element is applied with a pressure and is vi- 
brated for removing an oxide film formed on the AuSn 
eutectic solder in advance. 

As another bonding method, there is known the 
method in which Sn has been deposited on the junc- 
tion area of an electrode of the optical circuit sub- 
strate or the junction area of the optical semiconduc- 
tor element, and both the optical circuit substrate and 
the optical semiconductor element are heated and 
pressed to each other to form the junction. In this 
case, because Sn is easy to be oxidized, the non-ox- 
idization atmosphere and the scrubbing process for 
the optical semiconductor element are required. 

Further, there is another method other than the 
above methods in which a layer of AuSn eutectic sold- 
er is formed on a junction portion of the optical circuit 
substrate, a thin Au layer is formed on the layer of eu- 
tectic solder. An optical semiconductor element is 
placed on the Au layer so that the junction is formed 
by melting the layer of eutectic solder. The detail of 
this method is disclosed in Japanese Patent Applica- 
tion Laid-Open TokuKaiHei-1-138777 (1989). 

There have been many proposals of the structure 
in which optical coupling to an optical fiber can be 
performed without optical axis alignment. For achiev- 
ing the structure, the optical semiconductor element 
needs to be bonded with the optical circuit substrate 
at a predetermined position with a high precision. 
Even if the optical semiconductor element is to be 
positioned and bonded with a high precision of sub- 
micron order by use of the above conventional bond- 



ing methods, the junction position shifts because the 
optical semiconductor element is vibrated in the 
above scrubbing process. 

A melt of AuSn eutectic solder is 20 to 30 um in 

5 thickness. Therefore, when the optical semiconductor 
element is made to contact with the melted AuSn eu- 
tectic solder, the surface of an electrode layer of the 
optical semiconductor element is wetted and at the 
same time the optical semiconductor element is ran- 

10 domly moved because of surface tension of the AuSn 
eutectic solder. Here, that "the electrode layer sur- 
face is wet" means that the melted AuSn eutectic 
solder extends thinly on the electrode layer surface. 
Further, because the optical semiconductor element 

15 falls into the melted AuSn eutectic solder by 10 to 20 
urn by application of pressure, the positioning of the 
optical semiconductor element with the submicron or- 
der is very difficult in the conventional bonding meth- 
ods. 

20 Even if Sn is deposited, the scrubbing process is 

required because an oxide film is produced on the 
layer of eutectic solder like in the above joining meth- 
ods. For this reason, it is impossible to position the 
optical semiconductor element at a predetermined 

25 position with a high precision of submicron order. In 
addition, it is difficult to produce a perfect AuSn eu- 
tectic layer only by diffusion of Sn and Au in bonding 
of the optical semiconductor element. In this case, a 
weight % ratio of Sn to Au becomes so greater that a 

30 fragile metallic compound is easy to be produced. 
Therefore, it is difficult to ensure the reliability after 
the bonding. Hence, it is necessary to strictly control 
the storage condition, a temperature in the bonding 
and a heating period. 

35 Further, even in a case that a thin Au layer is de- 

posited on an AuSn eutectic solder layer formed on a 
junction portion of the optical circuit substrate, it is 
necessary to make the Au layer thin for keeping the 
eutectic condition. Consequently, the scrubbing proc- 

40 ess would be required as in the above methods be- 
cause Au of the Au layer and Sn of the AuSn eutectic 
solder layer diffuses mutually into the eutectic layer 
and the Au layer and as a result of this an oxide film 
is produced on the surface of the junction portion. In 

45 this case, if the deposited layer of Au is made so thick 
that the oxide film can be prevented from being pro- 
ducing, another problem is caused in which the eutec- 
tic condition cannot be kept because of the mutual 
diffusion of Au of the Au layer and Sn of the AuSn eu- 

50 tectlc solder layer. In addition, it is often difficult to 
keep the stable bonded state after the melting and 
bonding when the peripheral temperature of the junc- 
tion portion is raised, more particularly, in a high tem- 
perature because a melting point of the AuSn eutectic 

55 state is low. 

An object of the present invention is to provide an 
optical semiconductor device having high reliability 
and including an optical semiconductor element 
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which can be positioned on an optical circuit sub- 
strate with a high precision of submicron order, and a 
method of manufacturing the optical semiconductor 
device. 

In the optical semiconductor device of the present 
invention, the optical semiconductor element is bond- 
ed with and fixed to the optical circuit substrate. At 
least one of the surface of a junction portion of the 
optical semiconductor element and the surface of a 
junction portion of the optical circuit substrate is pro- 
vided with an Au layer formed thereon and one Au lay- 
er and one Sn layer are laminated in either one or both 
of the junction portions. The junction portions is made 
eutectic so that the optical semiconductor element is 
bonded with the optical circuit substrate through the 
junction portions. 

In an embodiment of the present invention, a 
weight % ratio of Au and Sn in the junction portion of 
the optical circuit substrate is about 80% : 20% before 
the junction is formed and a thin Au layer is formed on 
the junction portion surface of the optical semicon- 
ductor element The junction portions are is heated at 
a temperature of 280°C or more so that Au and Sn are 
melted to form the junction. More particularly, Au lay- 
ers and at least one Sn layer are laminated on the opt- 
ical circuit substrate such that the top layer is the Au 
layer and a composition of Au of the Au layers includ- 
ing the top Au layer and Sn of the Sn layer is about 
80% and 20% in weight %. In order to bond the optical 
semiconductor element with the optical circuit sub- 
strate, the optical semiconductor element is made to 
contact with the optical circuit substrate and pressed 
to it and then the whole of substrate and element is 
heated up. As the temperature rises, Au and Sn dif- 
fuse mutually into the Sn layer and the Au layer, re- 
spectively. The mutual diffusion of Au and Sn is more 
active at a temperature higher than the melting point 
of Sn. 

When the whole of optical circuit substrate and 
optical semiconductor element is heated up to a tem- 
perature of 280°C or more, the mutual diffusion of Au 
and Sn further proceeds so that the weight % ratio of 
Au and Sn becomes about 80% : 20%. At this time the 
eutectic of AuSn is produced which wets the junction 
portion surface of the optical semiconductor element. 
If the heating state is kept, Sn diffuses into the elec- 
trode layer of the optical semiconductor element so 
that the interface between the electrode layer of the 
optical semiconductor element and the optical circuit 
substrate disappears. At this time cooling of the cir- 
cuit substrate and the semiconductor element is start- 
ed so that the junction is completely formed. The 
weight % ratio of Au to Sn after the junction is formed 
is at least 80% and the state of the junction shifts 
from the AuSn eutectic state to a slightly Au-rich state 
on the AuSn equilibrium phase diagram. As a result, 
the melting point of the junction becomes so higher 
that the stable junction can be obtained. If the junction 



state is shifted to a Sn-richer state than the eutectic 
state, an alloy in the junction is fragile. However, as 
in the present invention, if the junction state is shifted 
to an Au- richer state than the eutectic state, such a 
5 problem is not caused. 

Fig. 1 is a diagram showing the structure of an 
optical semiconductor device according to an em- 
bodiment of the present invention; 
Fig. 2A is a diagram showing that an optical sem- 
10 iconductor element is pressed to a junction por- 

tion of an optical circuit substrate; 
Fig. 2B is a diagram showing the state of mutual 
diffusion of Au into a Sn layer and Sn into an Au 
layer; 

15 Fig. 2C is a diagram showing that an AuSn eutec- 

tic layer is produced; 

Fig. 2D is a diagram showing the diffusion state 
of Au and Sn between the electrode layer of the 
optical semiconductor element and the AuSn eu- 

20 tectic layer; 

Figs. 3A and 3B are diagrams showing compo- 
nent analysis results of the junction portion of the 
optical semiconductor element in the optical sem- 
iconductor device of the present invention by X- 

25 ray diffraction before and after heating, respec- 

tively; 

Fig. 4 is a AuSn equilibrium phase diagram show- 
ing change of the states of the junction portions 
in another embodiment of the present invention; 

30 Fig. 5 is a diagram showing a measuring result of 

position errors in a height direction in the optical 
semiconductor device of the present invention; 
Fig. 6 is a diagram showing a measuring result of 
position errors in a lateral direction in the optical 

35 semiconductor device of the present invention; 

and 

Fig. 7 is a diagram showing a result of die shear 
strength test for the junction of the optical semi- 
conductor device of the present invention. 
40 An optical semiconductor device according to an 

embodiment of the present invention will be descri- 
bed below with reference to the accompanying draw- 
ings. 

Fig. 1 shows the structure of the optical semicon- 
45 ductor device according to the embodiment of the 
present invention. A barrier layer 8 including a titani- 
um (Ti) layer 6 and a platinum (Pt) layer 7 formed 
thereon is formed on the optical circuit substrate 1. In 
the present embodiment, a silicon substrate is em- 
50 ployed as the optical circuit substrate 1 which in- 
cludes an optical wave-guide, and an optical separat- 
ing/combining unit having an optical directional cou- 
pler or an optical Y branching unit. 

An Au layer 3 and a Sn layer 4 is laminated on the 
55 barrier layer 8 in the order. Another Au layer 5 having 
a predetermined thickness is formed on the laminated 
layer of the Au layer 3 and the Sn layer 4 as a top layer. 
The barrier layer 8, the laminated layer and the top Au 
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layer constitute a junction portion 2 of the optical cir- 
cuit substrate 1. 

The thickness of the top Au layer is predeter- 
mined to be about 0.4 nm, for example, so that an ox- 
ide layer is not easy to be produced on the laminated 5 
layer even if Au of the Au layer Sand Sn of the Sn layer 
4 are mutually diffused into the Sn layer 4 and the Au 
layer 5, respectively. 

An Au electrode layer 1 0 of a semiconductor laser 
diode 9 as a junction portion of an optical semicon- 10 
ductor element 9 is made to contact with the top Au 
layer 5 of the junction portion 2 and the laser diode 9 
is pressed to the optical circuit substrate 1. Then, 
heating is performed so that the semiconductor laser 
diode 9 can be bonded with the optical circuit sub- is 
strate 1 through the junction portions. 

Figs. 2A to 2D are diagrams showing the process- 
es when the semiconductor laser diode 9 is bonded 
with the optical circuit substrate 1 as shown in Fig. 1 . 
Fig. 2A shows the process in which the semiconduc- 20 
tor laser diode 9 is applied with a pressure to be press- 
ed to the optical circuit substrate 1 . Fig. 2B shows the 
process in which Au of the Au layers 3 and 5 and Sn 
in the Sn layer 4 diffuse mutually into the Sn layer 4 
and the Au layers 3 and 5, respectively. Fig. 2C shows 25 
the state in which an eutectic layer of Au and Sn is pro- 
duced. Fig. 2D shows the process in which Au in the 
electrode layer 10 and Sn in the AuSn eutectic layer 
diffuse mutually into the eutectic layer and the elec- 
trode layer 1 0, respectively. 30 

Next, the method of manufacturin the optical 
semiconductor device in the embodiment of the pres- 
ent invention will be described below in detail with ref- 
erence to Figs. 1 and 2Ato 2D. 

In order to join the semiconductor laser diode 9 35 
with the optical circuit substrate 1, the semiconductor 
laser diode 9 is placed on the optical circuit substrate 
1 such that the electrode layer 10 contacts with the 
top Au layer 5 of the junction portion 2, and is pressed 
to the optical circuit substrate 1, as shown in Fig. 2A. 40 

Then, the optical circuit substrate 1 is heated at 
a temperature of 280°C or less. As the temperature 
is rised increased, Au of the Au layers 3 and 5 and Sn 
of the Sn layer 4 start to diffuse mutually into the layer 
4 and the layers 3 and 5 through interfaces between 45 
the Sn layer 4 and the Au layer 3 and between the Sn 
layer 4 and the Au layer 5, respectively, so that a dif- 
fusion layer 11 of Au and Sn is formed as shown in Fig. 
2B. 

Subsequently, when the optical circuit substrate 50 
1 is heated at a temperature of 280°C or more, the dif- 
fusion of Au and Sn is further accelerated. When the 
weight % radio of Au and Sn reaches about 80 : 20, 
the eutectic layer 12 of Au and Sn is produced as 
shown in Fig. 2C. At this time, the contact surface of 55 
the electrode layer 10 is wetted with the AuSn eutec- 
tic 12 so that unevenness of the contact surface is 
eliminated. 



When the optical circuit substrate 1 is further 
heated up, Sn starts to diffuse into the inside of the 
electrode layer 1 0 of the semiconductor laser diode 9. 
As a result, the interface between the electrode layer 
1 0 as the junction portion of the semiconductor laser 
diode 9 and the junction portion 2 of the optical circuit 
substrate 1 disappears, as shown in Fig. 2D. In this 
state the optical circuit substrate 1 is cooled so that 
the junction is completely formed. 

In this manner, in the present invention, the Au 
layers and the Sn layer are laminated alternatively in 
the junction portion 2 such that the top layer of the 
junction portion 2 is the Au layer. In this case, the 
weight % ratio of Au in the Au layers including the top 
Au layer and Sn in the Sn layer is set to be 80 : 20 in 
the junction portion 2. Thus, it is made possible to 
form the plurality of layers of Au and Sn by depositing 
or sputtering. This allows these layers to be formed 
with a high precision in thickness and to be made thin. 

In addition, by forming the junction portion 2 of 
the optical circuit substrate 1 as described above, the 
falling down of the semiconductor laser diode 9 in the 
height direction because of the application of pres- 
sure can be almost avoided in the formation of the 
junction. Therefore, the position of the semiconductor 
laser diode 9 in the height direction after it is bonded 
can be controlled with a precision of submicron order 
or less. 

Further, because the surface area of the elec- 
trode layer 10 of the semiconductor laser diode 9 is 
large and the thickness of junction portion is very thin, 
the influence of surface tension of the AuSn eutectic 
12 to the electrode layer 10 wetted with the melted 
Ausn eutectic 12 is negligibly small. Even in the heat- 
ing up when oxidization is easy to be made, the AuSn 
melting state can be easily achieved with no surface 
oxidation because there is the Au layer 5 as the top 
layer in the junction portion until a melted AuSn layer 
is produced. 

For these reasons, a large position error of the 
semiconductor laser diode 9 due to the surface ten- 
sion of the melted AuSn eutectic layer 12 is not 
caused and a scrubbing process for removing an ox- 
ide layer is unnecessary. In this manner, if the semi- 
conductor laser diode 9 is positioned with a high pre- 
cision before the bonding, the mounting of the laser 
diode 9 with a precision of submicron order can be 
made. In addition, if the optical circuit substrate 1 is 
stored with no contamination, complicated processes 
such as acid scrubbing process before the bonding 
process become unnecessary because the surface 
of the junction portion 2 is covered with the Au layer 
which is chemically stable. 

Further, in a case where the AuSn alloy or eutec- 
tic layer is formed by deposition, it is difficult conven- 
tionally to form such a alloy layer having a uniform 
composition because of change of deposition condi- 
tion. On the contrary, in the present invention, be- 
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cause the Au and Sn layers are sequentially formed 
by deposition or sputtering, the alloy layer having a 
uniform composition can be obtained only by control- 
ling the thickness of each layer. 

In the above embodiment of the present invention 5 
the junction portion 2 of the optical circuit substrate 
1 is formed to have a multilayer structure. However, 
the multilayer structure may be formed portion on the 
surface of the semiconductor laser diode 9 as the 
junction or junction portions of both the optical circuit 10 
substrate 1 and the semiconductor laser diode 9. It is 
required even in an either case that the top layer of 
the junction portion having the multilayer structure 
formed on the substrate 1 or laser diode 9 is an Au lay- 
er having a predetermined thickness. is 

Next, the optical semiconductor device having a 
different multilayer structure according to another 
embodiment of the present invention will be descri- 
bed below as a modification. 

In a case where a very small chip such as an opt- 20 
ical semiconductor element is bonded by use of the 
junction structure according to the present invention, 
the junction portion having the multilayer structure 
can be made thin because the junction area of the 
electrode layer of the optical semiconductor element 25 
is as small as 250 urn x 60 um in the semiconductor 
element of 300 urn square, for example. Each of the 
Au/Sn/Au layers used in the above embodiment has 
thickness of 1 to 2 um. in a case where the multilayer 
structure of three layers of Au/Sn/Au is employed on 30 
the substrate side, a good result was obtained when 
three layers of Au/Sn/Au are 0.4, 0.6, and 0.4 urn in 
thickness, respectively, so that a total layer thickness 
is 1 .4 um, and the thickness of the Au layer on the opt- 
ical semiconductor element is 0.4 um. 35 

Description of the modification will be described 
below in which the three layers of Au/Sn/Au are 0.6, 
0.6 and 0.2 um in thickness. The basic structure of the 
junction portion is the same as in the above embodi- 
ment. After the semiconductor laser diode as the opt- 40 
ical semiconductor element is pressed to the optical 
circuit substrate with a force of 2 x 10- 3 N, the whole 
of the laser diode and the substrate is heated at 
340°C in nitrogen atmosphere for 30 seconds. Figs. 
3A and 3B show the observation results of the junc- 45 
tion portion of the semiconductor laser diode, where 
the alloy layer is formed, before and after the heating 
by the thin film X-ray diffraction. As seen from Fig. 
3A, only the diffraction peaks of Au are identified be- 
fore the heating and it could be recognized that the so 
surface oxidation is suppressed. On the contrary, as 
seen from Fig. 3B, it could be recognized that Au and 
Sn diffuses mutually to form an AuSn alloy layer after 
the heating. 

The change of the states of Au and Sn in the junc- 55 
tion structure through melting by the heating and sol- 
idification by the cooling can be explained with refer- 
ence to the AuSn equilibrium phase diagram shown 



in Fig. 4. Au/Sn/Au in the layers of the junction portion 
on the optical circuit substrate are in the state of 0 
in the f igure before the heating, and Au and Sn are 
70% : 30% in atomic % and 80% ; 20% in weight %. 
As the temperature rises by the heating, the diffusion 
of Au and Sn proceeds so that the states change 
along the arrow of ©• When Au and Sn are fully melt- 
ed, they are in the state of (3). Since the junction por- 
tion of the optical circuit substrate contacts with the 
Au electrode layer of the semiconductor laser diode 
as the junction portion, Sn further diffuses into the Au 
electrode layer. As a result, the state changes to the 
state of®. When the heating is stopped in this state 
and the cooling is started, the junction is completely 
formed. Therefore, the weight % ratio of Au and Sn of 
the junction structure after the heating is different 
from that of the junction portion of the optical circuit 
substrate before the heating. 

As described above, by employing the multilayer 
structure of the present invention, the scrubbing op- 
eration which is conventionally performed, is unnec- 
essary and a perfect junction can be achieved. There- 
fore, there can be avoided the degradation of junction 
precision because of the scrubbing process. - 

Next, the junction precision of the semiconductor 
laser diode in the height and lateral directions will be 
described later which is joined in accordance with the 
junction structure of the present invention. Fig. 5 
shows the measuring result of position errors of the 
semiconductor laser diode in the height direction. The 
deviation is a = 0.18 um and very small. It should be 
noted that the junction structure extends slightly in 
the lateral direction because of the application of 
pressure in the melted state of Au and Sn in the junc- 
tion portion of the circuit substrate so that the height 
of the junction structure is lowered by 0.4 u,m, com- 
pared to that before the junction is formed. If the de- 
viation is small in the height direction, the degradation 
of junction characteristic can be avoided by consider- 
ing an offset for the deviation in advance. 

Fig. 6 shows the result when position errors of the 
semiconductor laser diode in the lateral or horizontal 
direction are measured by marking the substrate and 
semiconductor laser. Because the junction structure 
is relatively thin, the influence of the surface tension 
of the melted AuSn eutectic layer can be suppressed. 
In addition, because the scrubbing process is not nec- 
essary, the position error is 0.46 um in average, re- 
sulting in a good junction result. 

An initial junction strength is 80 gram in die shear 
strength and the degradation of it could not recog- 
nized even after application of heat cycle. More spe- 
cifically, the stable junction structure was obtained 
by setting the weight % ratio of Au and Sn to be 80 : 
20 in the junction portion of the optical circuit sub- 
strate and by shifting it from the eutectic state to a Au- 
richer state, compared to a case of the eutectic state 
maintained. 
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As described above, according to the present in- 
vention, the junction portion is provided on at least 
one of the optical semiconductor element and the opt- 
ical circuit substrate and the junction portion includes 
the Au layer formed as the top layer and a layer in 
which Au layers and Sn layers are laminated and Au 
and Sn are made eutectic. The optical semiconductor 
element is joined with the optical circuit substrate by 
the eutectic. As a result, the optical semiconductor 
element can be positioned with a precision of submi- 
cron order. Further, the state of the junction structure 
is shifted from the eutectic state of Au and Sn to the 
Au-richer state than the eutectic state, so that the 
junction structure stable even in a high temperature 
can be obtained. 



Claims 

1. An optical semiconductor device in which an opt- 
ical semiconductor element (9) is bonded on an 
optical circuit substrate (1), said optical semicon- 
ductor device comprising: 

a junction portion (2) which is formed on at 
least one of the optical semiconductor element 
(9) and optical circuit substrate (1) and which in- 
cludes a top gold (Au) layer (5) and an eutectic 
section formed below the top Au layer (5), said 
eutectic section having at least one Au layer (3) 
and at least one tin (Sn) layer (4). 

2. The optical semiconductor device according to 
Claim 1, wherein said top Au layer (5) has a pre- 
determined thickness and a weight % ratio of Au 
and Sn in said junction portion (2) is about 80% • 
20%. 



10 



15 



20 



25 



30 



Au layer (5), said Sn layer (4) and said Au layer 
(3) is in a range of 1 to 2 urn. 

7. A method of manufacturing an optical semicon- 
ductor device, comprising the steps of: 

forming an Au layer on a junction surface 
(10) of an optical semiconductor element (9); 

forming an Au layer (3) and a Sn layer (4) 
on a junction portion (2) of an optical circuit sub- 
strate (1) for the optical semiconductor element 
(9) to be joined such that a weight % of Au and Sn 
is about 80% : 20%; 

making the junction surface (10) of the 
optical semiconductor element (9) contact with 
the junction portion (2) of the optical circuit sub- 
strate (1); 

heating the optical circuit substrate (1); 

and 

cooling the optical circuit substrate (1) to 
a room temperature. 

8. The method according to Claim 7, wherein the Au 
layer (3, 5) includes two sublayers between 
which the Sn layer (4) is interposed. 



9. 



The method according to Claim 8, wherein a total 
of thicknesses of the Au sublayer (3), theSn layer 
(4) and the Au sublayer (5) is in a range of 1 to 2 



1 0. The method according to Claim 7, 8 or 9, wherein 
said heating step includes heating the optical cir- 
cuit substrate (1) to a temperature of 280°C or 
more. 



35 



3. The optical semiconductor device according to 
Claim 1, wherein an Au layer (3) is formed on a 
remaining one of said optical semiconductor ele- 40 
ment (9) and said optical circuit substrate (1), 
said junction portion (2) being not formed on the 
remaining one. 

4. The optical semiconductor device according to 45 
Claim 2, wherein an Au layer (3) is formed on a 
remaining one of said optical semiconductor ele- 
ment (9) and said optical circuit substrate (1), 

said junction portion (2) being not formed on the 
remaining one. 50 

5. The optical semiconductor device according to 
Claim 2, 3 or 4, wherein said junction portion (2) 
includes three layers of said top Au layer (5), said 

Sn layer (4) and said Au layer (3). 55 

6. The optical semiconductor device according to 
Claim 5, wherein a total of thicknesses of said top 
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Fig. 3 
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Fig. 6 
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